stimulations produce an increase in contractility and b -AR stimulation mediates a negative inotropic effect in human ventricular muscle.
. Introduction
scripts have been detected in human heart. Stimulation of the b -AR produces a negative inotropic effect. The 3
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in vivo lack of desensitization following activation with DNase I enzyme (Roche-Boehringer), purified by a agonists [3] . These features suggest that the expression of phenol-chloroform step and submitted to isopropanol b -AR in heart may have pathophysiological significance. precipitation. stimulation. Therefore, the functional loss of catecholbromide-stained gel was of a human origin, the gel was 1 amine positive control of cardiac contractility during heart blotted onto nylon N membrane and hybridized at 65 8C failure may result from a shift in the balance between with a human b -AR cDNA radioactive probe [8] . Further-3 b -AR-mediated positive and b -AR-mediated negative more, half of the PCR product was digested with AccI, a 1 3 inotropic pathways. restriction endonuclease which cuts into two parts the As none of the animal models studied so far showed a human but not the mouse amplicon (data not shown Total RNA from heart and white adipose tissues of WT or TGb mouse hearts at 3 and 9 months of age, saffron trichromic labelling was carried out. Nuclear and previously described [14] . Then, 20 ml and 50 ml of cytoplasmic staining was obtained with hemalun and extracts were used for the quantification of cAMP and phloxine. Interstitial connective tissues were stained with cGMP levels, respectively. The mean value was calculated saffron.
from duplicate measurements of each sample and normalized to total cell protein content. 2 .7. Electrocardiogram 2 .10. Drugs Surface electrocardiograms (ECGs) were recorded as reported previously [12] . Q-T interval was corrected for (2)Isoproterenol, (2)propranolol, trichloro-acetic acid 1 / 2 heart rate using the formula: Q-Tc5Q-T /(R-R / 100) and IBMX were from Sigma-Aldrich (France). Diethylestablished for mice with Q-T and R-R measured in ether was from Merck-Eurolab (France). SR 58611A (ethyl milliseconds.
[ (7) and amplitude was twice the diastolic threshold. Tension applied to compare cyclic nucleotide production. The was recorded using a mechanoelectric force transducer statistical significance of the drug effect on contractility (Akers, AE 801, SensoNor, Norway), as previously dewas assessed using one-way analysis of variance (ANOVA) scribed [1, 6] . In order to normalize basal contraction, the followed by a Dunnett's test. For all tests, a value of samples were stretched gradually to l at which length P,0.05 was considered significant. max active twitch tension was maximal. Then, the tension was slightly reduced to obtain about 90% of maximal tension. After a 60-min equilibration period, the basal parameters 3 . Results were recorded and cumulative concentration-response curves of b -AR agonists were constructed by superfusion 3 .1. Generation of transgenic mice 3 with successive increasing concentrations of the drugs. For all concentrations, tension was measured at steady state.
To express the human b -AR in hearts of transgenic 3 mice, the b -AR cDNA under the control of the aMHC 3 2 .9. Cyclic nucleotide assay promoter was microinjected into mouse oocytes. Southern blot analysis showed five founders with 5-20 transgene Small ventricular pieces were cut and rapidly placed in copies. Using a RT-PCR analysis on total RNA with tubes containing Tyrode's solution with 100 mM 3-isohuman b -AR-specific oligonucleotide primers, the human 3 butyl-1-methylxanthine (IBMX) for basal condition and b -AR mRNA was exclusively detected in heart (data not 3 either 1 mM isoproterenol or 100 nM CL 316243 for shown). Only one transcript of 1.4 kb length was detected stimulated conditions. The fragments were incubated at in TGb heart by Northern blot analysis (Fig. 1A) . No 3 37 8C under gentle agitation during 8 min for isoproterenol expression was observed in the heart of the WT mice. or 10 min for CL 316243. To stop the reaction, the Equal loading of samples was confirmed by reprobing the fragments were first transferred to tubes containing cold filter with a rat b-actin probe (data not shown). Krebs buffer with 100 mM IBMX and 6% (v / v) trichloroacetic acid and then frozen in liquid nitrogen. Ventricle 3 .2. Western blotting experiments fragments were crushed in liquid nitrogen. The powder was immediately transferred into the Krebs buffer with Western blot probed with an antibody directed against IBMX and trichloro-acetic acid and centrifuged. The pellet human b -AR showed two bands of roughly 50 and 60 3 was stored at 220 8C for the measurement of protein kDa that correspond to the two putative glycosylated forms concentration [13] . Cyclic nucleotide levels were quan- (Fig. 1B) . The major signal of 60 kDa was compatible tified in the supernatant by ELISA (Spi-Bio, France) as with the immunoreactivity described as a glycosylated form of b -AR which was also observed in human heart between WT and TGb mice. Lead I was further selected 3 3 [4, 11] . No reactivity of the two bands was observed in the as the most appropriate lead allowing discrimination of absence of anti b -AR antibody.
both T and P waves. Average ECG values are summarized 3 in Table 2 . These data demonstrate that P wave and P-R interval durations were comparable between the two 3 .3. Cardiac morphology and histology groups of mice. P-P, R-R and Q-T intervals were significantly reduced in TGb compared to WT mice. How- 3 .5. Basal contractility parameters peak tension with a maximum effect at 0.1 mM. At higher concentrations, this negative inotropic effect was abolished The mean peak tension was not modified in ventricular (Fig. 3A,B) . In order to determine the b-AR subtypes samples from TGb compared to those obtained in control involved in this effect, additional experiments were carried 3 mice while the other twitch parameters were significantly out with SR 58611A in the presence of b-AR antagonists. reduced (Table 3) .
After pretreatment of samples with 10 mM nadolol, a b -1 and b -AR antagonist, the negative inotropic effect of SR 2 58611A was observed at all concentrations tested and the 3 .6. Effects of b -AR agonists on cardiac contractility maximal effect was obtained at 10 mM (Fig. 3C ). In this 3 condition, the biphasic effect was lost. In the presence of 1 CL 316243 and SR 58611A, two preferential b -AR mM bupranolol, a b -, b -and b -AR antagonist, the 3 12 3
agonists, did not significantly modify the peak tension in effects of SR 58611A were fully abolished (Fig. 3C) . The WT mice for concentrations ranging from 1 nM to 10 mM involvement of b -AR in the negative inotropic effect 3 (Fig. 3A,B) . In TGb mice, both compounds produced a obtained in TGb mice was strengthened by experiments 3 3 biphasic effect. At lower concentrations, they decreased carried out with isoproterenol, a non selective b-AR agonist. In TGb mice, isoproterenol increased the peak 3 tension, but the maximal effect was obtained at a higher concentration (1 mM) compared to WT mice (0.1 mM). In 
.7. Cyclic nucleotide measurements
Basal cAMP levels were measured in ventricular biopsies. They were not statistically different between WT and TGb animals (44.6767.66 and 54.4769.91 pmol / min 3 per mg of protein, respectively). After stimulation of the ventricular samples with 1 mM isoproterenol, a non-selective b-AR agonist, cAMP levels increased 1.7960.14-fold (P,0.05) and 2.2860.45-fold (P,0.05) over basal values for WT and TGb mice, respectively (Fig. 4A ). In the (Fig. 4B) . transgenic mice produced an elevation of baseline heart rate and baseline adenylyl cyclase activity [16] . A comparable behavior has been reported with b -AR so that basal 3 4 . Discussion adenylyl cyclase activity increased with b -AR density in 3 CHO cells [23] . Moreover, in our study, the increase in We have established a transgenic mice model in which basal heart rate could result from an activation of a human b -AR is specifically over-expressed in hearts, as potassium channel, QvLQT1, as has been described for the 3 confirmed by Northern and Western blotting. This overhuman b -AR in a recombinant system [24] . The activa-3 expression of b -AR does not modify cardiac morphology tion of QvLQT1 which is expressed in the mice conduction 3 but is associated with an increase in basal heart rate and an system [25] , could produce an acceleration in heart rate. In acceleration of basal contractility ex vivo. Stimulation with a recent study carried out in the guinea-pig heart, it has b -AR agonists produces a negative inotropic effect.
been shown that b -AR stimulation inhibits the slow 3 3
In TGb mice, as also recently described by Kohout et delayed rectifier potassium current I [26]. As I is 3 Ks Ks al. [15] , heart weight was lower, resulting in a lower heart absent in adult mice heart [27] , its modification could not weight / body weight ratio compared with WT mice. Furexplain the effects obtained in heart rate. Then, future thermore, in our model of TGb mice, there was no studies will be needed to clarify the role of b -AR in the 3 3 histological evidence of myocyte hypertrophy or fibregulation of heart rate as well as the involvement of rogenesis. These results are in agreement with those potassium channels in this effect. obtained in mice over-expressing the b -AR in heart [16] , At baseline, we observed an acceleration of the different 1 1 2
In basal conditions, heart rate was significantly inpounds because it was lost after pretreatment with nadolol. creased in TGb mice compared to WT mice. Several
In these latter conditions, SR 58611A produced a negative 37344 and CL 316243 induced positive chronotropic confirmed by the pretreatment with bupranolol, which fully effects in dogs and rats [18] [19] [20] . However, these effects abolished the effects of SR 58611A. In addition, we probably resulted from reflex mechanisms rather than from observed a reduction in the maximal effect induced by a direct stimulation of cardiac b -AR since they were isoproterenol, which also activates b -AR. Our present genetic background of the mice (B6D2 / F1 hybrid in our in human ventricular tissues. As it is difficult to obtain study vs. B6S / F1 hybrid in Ref. [15] infusion of CL 316243 carried out in vivo in dogs after combined autonomic blockade, induced a positive inotropic effect [20] . However, in similar conditions, SR A cknowledgements 58611A did not modify contractility [30] . Therefore, b -3 AR agonists like CL 316243 used at high concentrations in´T his work was supported by grants from the 'Federation vivo could interact with b -and b -AR or another receptor 1 2
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